A schedule of repeated chemotherapy with oxamniquine, consisting of biannual treatment of schoolaged (7-13 years) 
Recent accounts of the schistosomiais control programme, carried out in Brazil by the Fundação Nacional de Saúde (FNS), indicate that prevalence is rising in some areas of northeast Brazil (WHO 1993 , Amaral & Porto 1994 . In the sugar-cane zone of Pernambuco, a highly endemic area of schistosomiasis, drug treatment was administered four times (at 2-3 year intervals) between 1978 and 1986, reducing prevalence by 10.7% (from 35.1% to 24.4%). Between 1987 and 1990 , overall prevalence in the State of Pernambuco increased alarmingly from 9.9% to 25.6% (Rey 1992) .
Failure of this chemotherapy-based programme to control disease transmission in these areas may be due to the following aspects: (i) the interval between drug treatments has been excessively long, which would not prevent reinfection; (ii) little attention has been given to school-aged children, who should be the major target for chemotherapy. Thus, it can be hipothesized that a higher frequency of treatments, specially among school-aged children, is required to reduce prevalence to acceptable levels.
To verify the above hypothesis, a small rural village, namely Bela Rosa (35º 07' 10" W, 8º 00' 20" S), was chosen in the municipality of São Lourenço da Mata, sugar-cane zone of Pernam-buco. This village has been well studied epidemiologically since 1967 (Barbosa et al. 1970 , Barbosa & Costa 1981 , Barbosa & Silva 1992 as a representative rural community in the sugar-cane area of Pernambuco. Between 1980 and 1989 prevalence increased from 21.5% to 92% in the village, despite selective drug treatments being administered by the FNS in 1981 the FNS in , 1984 the FNS in and 1986 . For the present study, a schedule of repeated chemotherapy was introduced in Bela Rosa from 1990 to 1992, consisting of bi-annual treatments of infected school-aged children and annual treatments of infected individuals of all other agegroups. Changes in infection parameters at sucessive stool surveys were then compared between treatments, aiming to evaluate the impact of the schedule used.
MATERIALS AND METHODS
Preliminary survey -All waterbodies in and around the village were surveyed and examined in September 1990 for the presence of Biomphalaria straminea, the only snail host species in the area. Main water-courses, paths and water-contact sites were depicted in a sketch map of the village. The study village was then surveyed house-to-house. Visitors informed the residents of the purpose of the project, and briefly described the treatment schedule as well as the prospective benefits. School children and teachers were also made aware of the project activities. A questionnaire was applied to the heads of families to obtain personal data of residents, as well as to record the sanitary standards of the houses. The following epidemiological variables were considered: faeces disposal -categorized as either adequate (in latrines, burrowing, burning) or inadequate (open air, near or in the water); water supply -either safe (treated, piped water) or unsafe (stream water); water contact -either high (bathing, swimming, playing, laundering) or low (collecting water, dish-washing, fishing, fording).
Snail monitoring -Snail-host habitats identified as water-contact sites were chosen for monitoring. Sampling stations were demarcated and surveyed periodically (at three-month intervals for one year and monthly thereafter) by the Olivier and Schneiderman (1956) method.
Stool surveys and chemotherapy -The first stool examination of the total population was made in December 1990. Stool containers were left at each house for collection in the following days and then examined by the Kato-Katz method (Katz et al. 1972) , two slides being used for each sample. Patients found positive for Schistosoma mansoni were visited in their houses and medicated, except those reporting liver disease, epilepsy or pregnancy. Patients were given a single dose of oral oxamniquine as prescribed by FNS (Table I ). The medicated patients were advised of possible sideeffects and asked to report any discomfort or illness within the following 24 hr. A stool survey was carried out in March 1991 among the treated persons to detect non-cured cases. Those still found positive for S. mansoni were medicated again. All children ranging from 7-13 years of age were further surveyed in June 1991 and treated if positive. A second cycle of stool examinations and drug treatments was repeated between December 1991 and June 1992. In December 1992 a final stool survey of the total population was made, followed by medication of the positive cases.
Data elaboration and analysis -Relative abundance of B. straminea at each survey was given by the number of snails collected per person per minute per sampling station. The amount of oxamniquine per body weight given to patients according to FNS's prescription was calculated for the following age ranges: 0-13, 14-19 and 20-79 years. The following parameters of human infection were based on egg counts obtained from the stool surveys: prevalence of infection (percentage of individuals with S. mansoni eggs in their faeces at a given survey); prevalence of moderate to heavy infections (percentage of individuals with at least 100 eggs per gram of faeces at a given survey), intensity of infection (geometric mean of the number of eggs per gram of faeces among egg-positive individuals at a given survey), egg-negative rate (percentage of egg-positive individuals who have been treated and are egg-negative at a follow-up examination); reinfection rate (percentage of eggnegative individuals at least three months after medication, but who are again positive after six months or more). Statistical analysis of the data were carried ou through the SYSTAT-5 package (Wilkinson 1990) . Association between rainfall and relative abundance of B. straminea was evaluated through Spearmann's coefficient of correlation. Diferences in prevalence and intensity of infection in the total population before and after treatment were statistically evaluated through Wilcoxon test on eight pairs matched by age range, as follows: 0-6, 7-13, 14-19, 20-29, 30-39, 40-49, 50-59 and 60-79 years. Changes in infection after treatment and re-treatment were monitored in a follow-up group from the following age ranges: 0-6, 7-13, 14-19, 20-39 and 40-79 years. The group was formed by all fully compliant residents who remained in the age range of the initial survey. Significance of differences in the individual infection status, either positive or negative, within each age range of the follow-up group was evaluated by the Sign test.
RESULTS
The preliminary survey identified 86 households and 355 residents, 40.5% of whom were under 12 years of age. Time of residence in the village was five years or more in 79.1% of the families. Illiteracy prevailed among 59.9% of the patients over 11 years old. The working force was mainly in sugar-cane cutting. Only 29.2% of the residents were regularly employed by the sugar estate that owned the land; monthly earnings being less than two minimum wages. Faeces disposal was categorized as inadequate in 72.4% of the cases reported. There was no safe water supply in the village. The nearby streams (Fig. 1) were used for all water-related activities. In 61% of the reported cases the water contact was considered high, as it involved bathing, swimming, playing or laundering in the streams.
Eleven water-contact sites were identified in the area and chosen as sampling stations for snail monitoring (Fig. 1) . Relative abundance of B. straminea varied seasonally, reaching the highest level in December, when rainfall was lowest (Fig.  2) . A negative correlation was detected between snail counts and rainfall (Spearman's coefficient = -0.54; n =29; P<0.05). Following prescription by FNS (Table I) , children under 14 years of age were given 19.4 ± 2.52 (mean and standard deviation) mg of oxamniquine per kg of body weight, whereas those between 14 and 19 years received 15.1 ± 2.31 mg/kg; the adults (20 years or more) were given 14.3 ± 1.42 mg/kg. Less than 20% of the persons eligible for examination failed to provide stool samples at the various surveys, and compliance with chemotherapy exceeded 85% in all but the first survey (Table II) .
Overall prevalence of infection decreased by 7.9% after the first cycle of treatment and by 30.9% after the second one (Table III) . Matching prevalences by age range revealed significant differences (p < 0.05) between 1990 and 1992, as well as 1991 and 1992. No significant difference in overall prevalence was found between 1990 and 1991 (p > 0.05). Overall geometric mean of positive egg loads fell 12.7% after the first cycle of treatment and 59.7% after the second one, whereas overall prevalences of moderate to heavy infection decreased by 9.8% and 32.2%, respectively (Table   IV) . Significant reductions (p < 0.05) in both egg load and moderate to heavy infections were found between 1990 and 1992, as well as 1991 and 1992. No significant difference in these indices were detected between 1990 and 1991 (p>0.05) . In the follow-up group (Table V) prevalence of infection increased significantly between 1990 and 1991 among children under 7 years, did not differ significanlty in the 7-13 years range, and decreased significantly in the age ranges over 13 years. Prevalence of moderate to heavy infections did not differ significantly between 1990 and 1991 in the age ranges under 14 years, and decreased significantly in the other age ranges. Between 1990 and 1992, both prevalence of infection and prevalence of moderate to heavy infections decreased significantly in all age ranges but 0-6 years.
Only 72 persons moved out the village between January 1991 and December 1992. However, 189 persons moved in during that period. Of these, 164 were examined within one year of arrival, 93 (56.7%) being found positive.
By March 1993 the land owners reclaimed the area for cattle ranching, indemnified the villagers and demolished the houses.
DISCUSSION
The cross-populational results (Tables III, IV) show that the present schedule of repeated chemotherapy only had significant impact on infection after two cycles of treatment. This failure in reducing prevalence and intensity of infection to acceptable levels is not surprising, as water-contact patterns were intense, and snails occurred mostly at high densities. The particularly poor results obtained after the first cycle of treatment may be also due to a relatively low rate of participation in December 1990. In fact, the population only became satisfactorily cooperative from the following year onwards, when absences and refusals were reduced to a minimum (Table II) . It is also possible that infected newcomers have contributed to keep prevalence high, as they were only identified and treated at survey times.
The results from the follow-up group (Table  V) show that the cohorts over 13 years of age needed only one cycle of treatment to significantly change the individual infection status from positive to negative. However, the 7-13 years-old cohort needed three medications at six-month intervals before the proportion of positives was significantly reduced. As the moderate to heavy infections were significantly reduced after only one medication, it is likely that the initial impact of chemotherapy in this cohort was mainly on the egg load, and subsequent treatments were necessary to promote negativation. Low negativation rates in children associated with high initial levels of heavy infections were also reported by Polderman et al. (1988) and Gryseels (1990) .
Another vulnerable group in the present study area were the children under 7 years of age, as prevalence remained above the pre-control level Infection by Schistosoma mansoni in a fully compliant follow-up group of different age ranges from Bela Rosa. Stool surveys followed by treatment of the positive cases with oxamniquine were carried out bi-annually (December and June) among school-aged children (7-13 years) and annually (December) otherwise. The following indices are given: prevalence of infection (% with epg>0) and prevalence of moderate to heavy infections (% with epg>100). Significance of differences in the individual infection status between the first and each of the subsequent surveys within each age range was evaluated by the Sign test, and is indicated as follows: NS: not significant; even after two cycles of treatment. This may be due both to low resistance to reinfection (Gryseels 1994) and to increased water contact (Zhongdao et al. 1994) .
In contrast with the findings from other endemic areas (Sleigh et al. 1981 , Barakat et al. 1995 , Homeida et al. 1996 , it is unlikely that repeated chemotherapy alone would keep infection down at satisfactory levels among children in the present study area. Since continuing cycles of bi-annual treatment would be unfeasible, the best strategy here might be to combine targeted chemotherapy with other measures, such as small-scale environmental interventions (Kloetzel et al. 1994 , Pieri 1995 and focal mollusciciding (Sturrock 1995) .
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